China has enacted the ordinance of plastic shopping bags since June 1 of 2008, which stipulates the bag thickness should be greater than or equal to 25 micrometers and consumers should pay for each bag they consume. However, the overall effect of the ordinance is lower-than-expected. This paper qualifies the carbon emissions associated with plastic shopping bag consumption in a fifteen year time series. The results indicate that, except for 2008, carbon emissions are on a continuous increase during this period. With respect to carbon emissions in 2008, there does appear a local minimum. Specifically, the carbon emissions relating to plastic bags in 2008 dropped 0.87% when compared with the emissions of 2007. This is not to suggest that the ordinance is effective in the long term, just that there is a slight carbon emission reduction in 2008. The transitory reduction of carbon emissions should be more attributed to the impact of Beijing Olympic Games than the effectiveness of the ordinance in hindsight. From 2009 on, the amount of carbon dioxide emissions generated by plastic shopping bags grows by 0.7-0.8% annually. Also, a two-child policy has taken into effect since 2011 which results in the net increase rate of entire population by 0.05% annually. When taken Beijing 2008 Olympic Games as well as the two-child population policy effect into consideration, it thus implies that the plastic bag ordinance may not be much effective to curb the bag usage in the long run. The theoretical and practical implications of the findings are discussed.
Introduction
Given the pollution of plastic shopping bags, many countries and cities have taken actions to reduce future harm caused by them. China joined the list of countries to combat with plastic bags by prohibiting the production, sale and use of plastic bags 25µ (micrometers) thick or thinner nationwide. On June 1 of 2008, China enacted ordinance as well as a fee to consumers to curb the consumption of plastic bags. Before the ordinance, in order to win over public opinion in favor of reducing plastic shopping bag consumption nationwide, advertising campaign like providing reusable cloth bags to shoppers when shopping was conducted approximately half year in advance. Currently there are three types of plastic shopping bags in use. The unit price for the smallest size, medium size and the largest size is 0.1 yuan (0.014 USD), 0.2 yuan (0.029 USD) and 0.3 yuan (0.043 USD) respectively. In particular, retailers are not allowed to provide free substandard plastic bags to shoppers, and bags should be paid for use. According to the regulation, manufacturers are forced to produce standard plastic bags, retailers have to supply brand-new bags and shoppers should pay for every bag they use, just as the polluter (user) pays principle suggests. The ordinance should work well if all the stakeholders strictly abide by it. However, no significant results have been achieved in the past nine years. In effect, the ordinance may be referred to as a failure in terms of its poor performance so far. Although in the short period, due to Beijing 2008 Olympic Games, carbon dioxide emissions in cities like Beijing and Tianjin do outperform other cities and show a temporary reduction trend. After Olympic year, however, carbon emissions in all the 31 provinces in Chinese mainland rebounded, which revealed the overall effect of the ordinance on plastic bags was no better than a failure. In addition, based on our observation, at least 40% of open markets and wet markets still provide shoppers with free substandard plastic bags. Since the actual performance of regulation is lower-than-expected, it is of our interest to analyze this environmental policy by focusing on the carbon emissions in particular.
A number of viewpoints have been presented in the literature to explore the effects of ban on plastic bags. Our comments will be brief and references to the existing literature will be less exhaustive, we only focus on those relative to this issue. First, with respect to the regulation on plastic bags in developing countries, Bangladesh was the first country to regulate bags in 2002 (Clapp et al., 2009 ). China's Taiwan is the next to impose heavy fines on those who distribute free bags. Estimation shows that the ban has positive environmental effect and has curbed bag usage by approximate 69% (Laughlin 2004) . South Africa has introduced a ban and taxation since late 2002. Besides the minimum thickness of 24μ, a tax of 0.013 USD was added simultaneously (Hasson et al., 2007) . In some sense, the ban is successful in terms of its minimum negative impact on plastic industry. Chinese mainland enacted an ordinance on plastic bags on June 1 of 2008, which was similar to that of South Africa. Saidan et al. (2017) highlight the levy on the plastic bags can reduce as much as 70% of the consumption In Jordan. However, with respect to China, the implementation of the ordinance was ineffective in the long term despite the fact that supermarkets had reduced the bags consumption by two-thirds (Zhu 2011) and 49 % (He 2010) . Additionally, the regulation showed only a short term or temporary decrease in two sample cities which could not represent the whole picture (He 2010) . With time passing, Mortimer (2017) argues that bag consumption has rebounded in Ireland since 2007. It seems that there lacks a long term reduction effect either in Ireland or in China. Second, with regard to the situations in industrialized countries, Republic of Ireland which introduced the tax on plastic bags, the coined "plastax", in March of 2002 is a good case in point. Ireland achieves grand success in terms of its significant 90-95% bag usage reduction (Alexis 2017), but subsequent performance of bag reduction seems to have somewhat rebound effect since shoppers art conditioned to the charge (Mortimer 2017) . Italy and France have introduced the bags ordinance in 2012 and January of 2017 respectively. In the City of Toronto, Rivers et al., (2017) find that the levy increased the use of reusable shopping bags by 3.4 percentage points which suggests crucial limitations for levy policy more generally since even people with lower socio-economic status have not been affected by this behavioural prompt. When it comes to the USA, San Francisco enacted a plastic bag ordinance in 2007. Moreover, a tax was imposed on most substitute goods except reusable bags. In general, it is local governments that are responsible for the plastic bags management (Wagner 2017 ). Last but not least, consumer behavior related to plastic bag consumption has also been widely investigated. Researchers mainly focus on topics including the effect of plastic bag tax on consumer behavior, and consumer attitudes and behavior on the use of plastic and cloth bags in various cities across the globe (Martinho et al., 2017; Jakovcevic et al., 2014; Arı et. al., 2017) . However, to comment on the consumer behavior is well beyond the scope of this paper.
Although extensive research has been conducted on several aspects of plastic shopping bags, the literature regarding estimation of carbon dioxide emission associated with bag consumption is limited. To the best of our knowledge, Wang et al., (2014 Wang et al., ( , 2016 have done similar research: they studied hidden carbon emissions in China. Given the present state of the art of the carbon emissions relating to plastic shopping bags, they have rarely been researched into due to the limit of data availabilities. By focusing on the consumption of plastic bags before and after the implementation of the ordinance, specifically the after-ban-use of bags, this paper makes a small contribution to the estimate of carbon dioxide emissions associated with the plastic bag consumption.
The aim of this paper is to contribute to the better understanding of what makes regulation on plastic bags ineffective and how to make the ordinance work better in the future. The paper focuses on these issues by relying on data from China yearbook of statistics both before and after the implementation of the regulation. The ordinance turns out to be a failure in terms of its lower-than-expected effect. Nearly a decade has passed, still quite a number of producers are manufacturing substandard plastic bags and retailers are providing shoppers with this type of free bags. It is also of interest to investigate the reasons underlying the failure of the ban. The resulting information tends to help policy-makers acquire the long term plastic bag reduction and carbon dioxide emissions in future.
The remainder of the paper proceeds as follows: Section 2 discusses the methodology used and Section 3 describes the data. The results are reported in Section 4 and Section 5 concludes the paper.
Methods
To examine the effectiveness of the ban on plastic bags by estimating the carbon emissions associated with plastic bags, the paper analyzes the factors which influence plastic bags: population and unit price and quality of bag consumption. To be more concrete, the first factor focuses on the impact of population upon plastic bag consumption. Besides, we also take the impact of two-child policy which has been implementing since 2011 into consideration. According to our computation, the entire population has increased annually by 0.67% since 2011 which is a bit faster when compared with that of pre-2011 which was 0.62%, viz, the net increase rate of entire population is 0.05%. The second factor concerns the unit price regarding bag use. In addition, the paper tries to explore other factor like the impact of Beijing 2008 Olympic Games. The paper focuses on these issues by relying on national and provincial-level data both before and after the implementation of the ordinance.
When analyzing the effect of the plastic bag ordinance in China, the paper attempts to construct an emission function to estimate the annual carbon dioxide emissions associated with the use of plastic shopping bags. The dependent variable Y in the function is the aggregate carbon emission (CE) per year, for the ease of exposition, here we employ CE instead of Y, whereas the independent variable vector X has several components, viz., X = (X popu , Xp, Xq, Xe ). The first variable X popu denotes the national or provincial-level of population, the actual annual data comes from China yearbook of statistics in 2002-2016; Xp is the "unit price of various types of plastic bags"; Xq denotes the number of annual bag consumption of shoppers. If the unit price is equal to zero which means the bag is free of charge, it implies somewhat failure of the ban; if the unit price of each bag is nonzero, the ban should be theoretically effective. However, in empirical analysis, it is otherwise: that is, the fee fails to curb the plastic bag use. Xe denotes carbon dioxide emissions of plastic bags per kilogram which is constant given the existing technology.
The aforementioned independent variables will affect the carbon emissions dissimilarly. Here, the paper assumes the emission function is a type of production function which is concave upward; the variables of population and plastic bag use are the input. The paper sets up a simple carbon emission function which is expressed as:
Where CE is China's annual aggregate carbon dioxide emissions generated by plastic shopping bag usage; X popu i stands for the population of province i, there are 31 provinces, municipals and autonomous regions in Chinese mainland; Xq is the quantity of plastic bags used per person per year which is the demand function of X p , viz., Xq = f(Xp), currently, there are three types of unit price of plastic bags; and X e is the carbon emission of per kilogram plastic bags, it is constant given the existing technology, the value of X e is obtained from database of carbon emission in China.
Other countries' experiences show that whether or not the ordinance can succeed in reducing plastic bag use depends heavily on the effectiveness of regulation and the price level and the acceptance from the main stakeholders: producers, retailers as well as shoppers. The bag consumption is expected to decrease due to the price charged because, by definition, the typical demand function suggests that if price of good goes up, then the good consumption will go down, and vice versa.
The important point in this model is that carbon emission reduction is impossible unless (1) entire population growth is lowered or remains stable, or (2) the price instrument is in place such that the demand of plastic bags is slightly decreased or kept relatively stable. Neither of these possibilities seems very realistic since Chinese population is on a continuous rise in recent years; also, there is no national authority with the power as well as incentives to strictly enforce the plastic bag regulation.
Based upon our estimation, given the options between free substandard plastic bags and fee-charging bags, at least 80 percent shoppers prefer the former. There are no difference between the free plastic bags and fee-charging ones in terms of the amount of CO 2 emission per kilogram.
The paper assumes that the data of some variables regarding plastic bag use could differ before and after the ordinance implementation. Similarly, the values of carbon dioxide emissions should vary accordingly. For instance, the unit price of bags can affect the amount of bag usage: before the enforcement of the ordinance, i.e., before June 1, 2008, shoppers may consume more bags since it is free; while after that time, presumably they may reduce bag use, especially the paid-for plastic bags. Alternatively, the shoppers can increase the use of free bags if the supervision of the ordinance is less strictly performed. As a consequence, the total amount of plastic bag consumption may remain the same or even increase to some extent.
Data

Bag Consumption and Carbon Emissions before the Ordinance
In order to estimate the carbon dioxide emissions regarding the bag consumption, we need to determine the variable of X q , that is, the annual usage of plastic shopping bags. With regard to the total use of plastic bags, we tentatively argue that 521 plastic shopping bags had been consumed before June 1of 2008, because based on our individual-related data, each consumer gets at most 4 standard plastic bags per week per person from supermarkets. Meanwhile, at least 6 substandard plastic bags per person are obtained from open markets or/and wet markets. Thus, the summation of bags is about 521 per person per year. According to the survey, 21plastic bags were consumed per week per person on average (He, 2010) . That is, approximately 1095 plastic bags were used annually prior to the implementation of the ordinance. By contrast, on average, 500 plastic bags are consumed per person per year in Jordan (Saidan et al., 2017) and 330 bags per person annually in Ireland respectively (Convery et al., 2007) .
Given the amount of bag consumption between 521 and 1095, either one is much higher than that of Ireland and Jordan. Intuitively, the above figures overestimate the entire use of plastic bags in Chinese mainland pre-2008. For the sake of simplicity, we assume the quantity of plastic bags is 365 instead of 521 or 1095 per person per year to compute the carbon emissions before the ordinance, and 360 after the ordinance.
Estimation of Carbon Emissions Associated with After-Ban-Use of Bags
If plastic bags are recyclable and biodegradable, i.e., each can be used at least twice before littering, then after a certain period the littered bags can biodegrade and do less harm to the environment. However, there are quite a number of Chinese retailers at open and /or wet markets and rural fairs do not provide standard bags to shoppers, instead, as mentioned before, they offer free plastic bags which are less than 25µ to attract consumers. In this scenario, the actual usage of plastic shopping bags may not drop; or rather, they may augment in terms of the aggregate consumption of bags. Thus, the actual effect of the ordinance is lower-than-expected.
Essentially, the paper hypothesizes that the after-ban-use of plastic bags is only a slight decrease, compared to bag use before the ban. Here, suppose the amount of bags used before the ordinance equals 365, while the amount after the ordinance equals 360. This hypothesis justifies the reduction in after-ban-use of plastic bags is less, if any. Alternatively, the total amount of carbon dioxide emissions may even increase since free substandard plastic bags are still widely used in open markets and wet markets in lieu of our observation.
Results and Discussion
To verify the above assumption that the overall picture of carbon emissions may increase rather than decrease, we employ our theoretical model to calculate the carbon emissions. The computation result suggests that except for 2008, beginning with 2009, the amount of carbon emissions associated with plastic bag consumption increases by 0.7-0.8% annually. , the Olympic year, were 4.22% and 4.03% for Beijing and Tianjin, respectively. It is noteworthy that during 2008, there was a small baby boom in China, especially for Beijing, Qingdao and other Olympic co-host cities. Thus, it is the push of Beijing Olympic games rather than the ban or/and the price instrument or/and population factor that contribute to the reduction in carbon emissions. For the remaining 29 provinces, municipals and autonomous regions, no such decrease trend appeared, no matter before or/and after the Olympic year. Also, due to the implementation of new two-child policy, population in China has been on an obvious increasing ever since 2011. It is the same with the carbon emissions during the same period.
Additionally, from an economic perspective, shoppers care little about the expenditure on plastic shopping since it is negligible if compared with other expenditures such as telephone charges, electricity and water expenses. The reason behind this is presumably due to inexpensive plastic shopping bags have small income effect and exhibit inelastic demand. Thus, shoppers pay little attention to plastic shopping bag consumption, even though all the costs are shifted to consumers.
Conclusions
The study investigated: (1) whether ordinance of plastic shopping bags and the fee play a role in curbing bag consumption in Chinese mainland. (2) How population affect plastic bag usage as well as carbon emissions and (3) the reasons behind the failure of the plastic bags ordinance.
The empirical result is in line with our initial hypothesis that the regulation might have a short term effect, that is, along with the Beijing 2008 Olympic Games, there does appear a decrease in carbon emission in Beijing and one of the Olympic co-host cities, Tianjin. It is logical that Chinese governments, Beijing municipal government in particular, were galvanized into creating an environmentally friendly image to enhance the environmental quality for athletes from all over the world by taking advantage of this grand sport event. However, before or/and after 2008, both the plastic shopping bags consumption and carbon emissions are on a continuous increase. Specially, the paper finds that, later on 2009, viz., after one year of the ordinance implement, carbon emissions in all 31 provinces in Chinese mainland experienced a significant carbon emissions rise. The ordinance of plastic shopping bags becomes a widely discussed topic in the literature; however, there is no size fits all for plastic bag regulation in terms of different countries. Based on the insights of existing research and as an extension of previous results, this paper sets up a simple emission function to compute the carbon emissions. Differed from Zhu (2011) and He (2010) who report a 67% and 49% decrease respectively in overall plastic bag use in China, our result indicates an opposite trend associated with the plastic bags ordinance in China: it is not a decrease but an increase with regard to the long term effect of carbon emissions, though we let the annual plastic bag consumption per person be 365 and 360 before and after 2008 respectively. In addition, price instrument, i.e., the fee paid on each plastic shopping bag, plays no substantial role in reducing the bag consumption. In our case, the contributing factors are population and annual bag consumption per person that induce the increase of carbon emissions. Moreover, shoppers care little about the unit bag price just as Mortimer (2017) observes that shoppers has become accustomed to the charge and returned to old habits in Ireland. Last but not least, to gain a long term decrease, concerted efforts are needed to enhance the effectiveness of the ban: a schedule is needed to phase out the free plastic bags in the near future; penalties should be imposed heavily upon those who are still manufacturing substandard bags; since fees are borne by shoppers, the revenues generated should be ring fenced in environmental fund and used to improve the environmental quality as opposed to becoming retailer's revenue (Convery et al.,2007) ; also, as for shoppers, they are expected to sway their behaviors to reduce plastic bag consumption which include using recyclable bags or cloth bags rather than accepting free substandard bags. It is always helpful to provide shoppers with sustainable education and outreach to reduce consumption of plastic bags at source (Xanthos et al., 2017) .
Roughly speaking, there are two fundamental reasons behind the ineffectiveness of the ordinance in China. The first is, lacking effective supervision from governments at all levels, that is, after the release of the ban, China's Ministry of Commerce and various arms of governments have not paid due diligent to the actual performance of the ban, let alone take further amendments. Second, it is the producer sovereignty (the retailers are included in our case), rather than consumer sovereignty rules. Should all plastic bag producers make standard plastic bags, consumers would have no other alternatives but to buy and reuse each bag, that is, the price instrument as well as the principle of polluter (user) pays still hold. In either case, the problem would be less severe.
Finally, a limitation of this paper should be acknowledged. In particular, the conclusion may be weakened by the data plugging in the theoretical model, that is, the annual plastic bag consumption per person is 365 and 360 before and after 2008 respectively. To enhance the accuracy of estimation, an accurate number of annual plastic bag consumption per person from designed survey should be needed in future research.
